INTRODUCTION
Expression and purification is a critical step in the overall process of determining the structure and function of a protein. With sufficient and pure protein available, biochemical and structural studies of proteins that normally occur at very low levels (like enzymes) become possible. Chromatographic method development takes a central role in achieving the purified protein, and as with the purification of any compound, an empirical approach plays at least a part in this process. In that regard, the ability to automate various steps can contribute significantly to the success, and ultimate optimization of a chromatographic method. In this study, the speed, reliability, and reproducibility made possible through the use of the Ä kta automated chromatography system contributed significantly to the goal of achieving homogenous sunflower acetoacetyl CoA thiolase from a bacterial expression system.
Speed and reproducibility are two critical aspects in developing a protein purification protocol. With the Ä kta system programmed with the Unicorn software, multiple trials can be achieved in a fraction of the time that manual application of sample followed by manual elution is possible. Protein obtained from a single overnight culture can be used for Keywords: protein purification, automation, sunflower, glyoxysomal thiolase optimization with the automated system, so that scale-up of the purification using the optimized conditions can take place immediately. Compare this to the weeks it would take for the manual optimization and the inherent variability in the scaleup. The benefits from the optimization go beyond the practical, scientific benefits of obtaining the high-quality, pure protein for future studies. This optimization also makes it practical for students or less-experienced technicians to carry out the purification, which would otherwise not be possible.
Catabolism of fatty acids via the b-oxidation cycle is a ubiquitous aspect of metabolism, and thiolase is the final enzyme in this cycle in both prokaryotes and eukaryotes. 1 These enzymes catalyze the CoA-dependent thiolytic cleavage of acyl-CoA esters resulting in the formation of acetyl-CoA and an acyl-CoA ester that is two carbon units shorter than the activated fatty acid that entered the cycle. Because b-oxidation occurs in all eukaryotes and prokaryotes, this process is believed to have evolved very early in life on this planet.
Fatty acids, which are first converted to acyl-CoA esters, are completely degraded to acetyl-CoA by repeatedly passing through the reactions of b-oxidation. Mammalian cells have the thiolase enzymes in both the mitochondria and in peroxisomes, but plants may only have thiolase in their peroxisomes. 2 Mammalian peroxisomal b-oxidation functions as a chain-shortening system and needs the mitochondrial system for the complete oxidation of the fatty acid. Plant peroxisomal b-oxidation is able to carry out the complete b-oxidation of fatty acids in the glyoxysomes. 3 Glyoxysomes are specialized peroxisomes that are mainly found in endosperms and cotyledons of germinating oilseeds such as sunflower and soybean and characteristically have high b-oxidation activity. Mobilization of the oil stored in the plant fatty tissue has been the primary focus of research in this area. 4, 5 It is unknown whether or not the b-oxidation system plays as important a role in plants as it does in mammals.
The enzymes of b-oxidation have been identified in nonfatty tissues, 6 although their function in the development of the plant is not known. The coexistence of two thiolase isoforms, acetoacetyl CoA thiolase (AACT) and 3-oxoacyl CoA thiolase (OACT), is unique in sunflower glyoxysomes. 7 Cloning of the OACT 8 provided the basis for our successful cloning of the AACT. Expression and purification of the AACT described here is the next step in this approach to studying plant thiolase, leading to a better understanding of fatty acid catabolism and plant growth and development.
MATERIALS AND METHODS

Protein Expression and Purification
The cDNA coding for the full-length sunflower AACT was cloned into the pBAD/HisB bacterial expression vector and transformed into E. coli TOP10 bacteria. This vector provides the correct reading frame and 6 His residues at the N-terminus of the expressed protein (Invitrogen, Carlsbad, CA). A 3-mL overnight LB/amp culture was grown from a single colony of the transformed bacteria containing the pBAD/HisB-AACT construct. This culture was used to inoculate 50 mL of LuriaBurtani/Ampicillin medium grown at 37 C with shaking at 270 rpm. AACT expression was induced by the addition of 0.2% (w/v) arabinose when the culture reached O.D. 600 w 0.5. In the presence of L-arabinose, expression from the pBAD construct is induced. By varying the level of L-arabinose, protein expression levels can be optimized to ensure maximum expression of soluble protein by the AraC operon. After 4 h at the above conditions, the bacteria were collected by centrifugation at 5000 rpm for 10 min.
The following steps were conducted at 4 C. The bacterial pellet was suspended in 10 mL lysis buffer (50 mM NaH 2 PO 4 , pH 8.0, 300 mM NaCl, 2 mM dithiothreitol, 1 mg/mL lysozyme) and incubated for 30 min. An Ultrasonics W-225 sonicator set at 70% was used to lyse the bacteria with a series of ten 10 s bursts followed by 10 s on wet ice. Sonicated bacteria were centrifuged in an Avanti J-301 refrigerated centrifuge (Beckman, Fullerton, CA) at 10,000 rpm in a JA 25-50 rotor for 15 min.
Using the automated programming capabilities of the Ä kta system, a series of purification methods was then carried out with the 5 mL of soluble proteins in a sample loop connected to the Ä kta system. Typically, 1.0 mL of the 5.0 mL in the sample loop was injected onto the 1 mL His HiTrap HP column containing Ni-Sepharose resin (Amersham Biosciences, Upsala, Sweden) and allowed to incubate for 30 min. Proteins expressed with the 6X-His tag bind to the resin due to the affinity of the His for the Ni 2þ that is immobilized on the resin. After incubation, unbound proteins were washed out with 10 mM imidazole. Increasing concentrations of imidazole were used to elute bound pro-teinsd25, 50, 150, and 250 mM. Imidazole competes with the His for binding to the Ni 2þ . All of these steps and collection of fractions were programmed using the Unicorn software accompanying the Ä kta system. Successive 1.0 mL aliquots of the soluble protein were injected and eluted using a slightly altered elution protocol each time.
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis Analysis
A 25 mL aliquot of each fraction from the column was combined with 5 mL of 6X loading buffer (300 mM Tris-HCl, pH 6.8, 400 mM DTT, 20% SDS, 3% bromophenol blue, and 50% glycerol). After heating for 5 min at 95 C, proteins were resolved on a 0.75 mm 4% stacking/10% resolving minigel (BioRad, Hercules, CA) run at 120 V for 50 min. Proteins were visualized with Colloidal blue stain (Invitrogen, Carlsbad, CA) and sizes estimated from broad range precision standards (BioRad, Hercules, CA).
RESULTS
Bacteria harboring the pBAD/HisB-AACT construct were induced to produce the recombinant AACT by the addition of arabinose to the culture medium. It was determined that an arabinose concentration of 0.2% (w/v) was the optimal concentration (data not shown). The 6X-His tagged AACT was purified to apparent homogeneity as evidenced by a single band in the Coomassie Blue stained sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). This was accomplished using the Ä kta FPLC system and a His-HiTrap HP column, which is a form of immobilized metal affinity chromatography. Increasing imidazole concentration was used to elute specifically bound protein from the column. SDS-PAGE under reducing and denaturing conditions was used to analyze fractions (Fig. 1 ). This analysis, along with subsequent enzymatic assay, showed that enzymatically active AACT eluted from the column in the 150 mM fraction (lane 9, Fig. 1 ).
An uninduced control consisted of the same bacteria grown in the absence of arabinose. These bacteria yielded no detectable AACT activity (data not shown).
Optimization of the purification using the Ä kta system was accomplished essentially in 2 working days compared to the 5-10 working days it would take for the manual optimization. The primary reason for this difference is that a smaller amount of sample can be automatically injected onto the column, programmed steps can be used for the chromatographic method, and subsequently these two steps can be repeated several times under varying conditions for the elution. All of this can occur overnight so that all fractions can be analyzed the next day. With the manual approach, each iteration would take 1 day followed by a day of sample analysis. The comparison of these parameters is summarized in Table 1 . 
